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Antimicrobial Composition 

FIELD OF THE INVENTION 

The present Invention relates to novel antimicrobial composition comprising a peptide 
which can be obtained from the milk protein casein or chemically synthesized or 
produced by recombinant DNA technology and a divalent cation. These compositions 
5 can be used in foods as antimicrobial preservatives, in oral care products (eg, 

toothpaste, mouthwash, dental floss) for the control of dental plaque and suppression 
of pathogens associated with dental caries and periodontal diseases. 

BACKGROUND OF THE INVENTION 

Kappaon, the nonglycosylated, phosphorylated forms of bovine cascinomacropepfcide 

10 (CMP), has been shown to have antibacterial activity in vitro against both 

Gram-negative and Granvpoaitive oral bacteria (Molkoslri ctal., 2001). CMP is a 64 
amino acid polypeptide released from bovine -casein by chymosin hydrolysis of the 
peptide bond between Phe ,w and Met 106 , It comprises the 106-169 C-terminal fragment 
of -casein and contains all the post-translational modification sites found in -osein. 

15 CMP Is both variably phosphorylated and glycosylated (Pisano et&I., 1984; Saito and 
Itoh, 1992; Talbo etsl, 2001). CMP is completely phosphorylated at Scr 149 and 
partially phosphorylated (10%) at Scr w as determined by MALDI-P5D mass 
spectrometry (Talbo era/., 2001). Additionally there are at least six genetic variants of 
-casein, with variants A and B being by far the most common (Creamer and Harris, 

20 1997). Variants A and B differ at residues 136 and 148 where the hydrophilic residues 
Thr 136 and Asp 1 * 8 of variant A are substituted by the hydrophobic residues He 136 and 
Ala 14 * in variant B. The antibacterial active region of kappacin was demonstrated to be 
residues 138-158 as determined using the synthetic peptide Ser(P) M9 ~caseln-A<138-158). 
Phosphorylation of Ser 149 was shown to be essential for antibacterial activity using the 

25 synthetic peptide -casein-A{13&-158) (Malkoski etal> $ 2001). The MIC of CMP variant 
A against Streptococcus mutnns 0.68 mg/ml (100 uM) whilst variant B was less active 
with a MIC of 1.04 mg/ml (154 uM) (Malkosld ctal., 2001). 
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The mechanism by which kappacin inhibits bacterial growth is still unclear. Kappadn 
was found to be most effective against & mutansrt slightly acidic growth pH. The 
non-giycosylated, K-caseIn-B{130.158) has been proposed to form an amphipathlc 
a-helbv especially in the presence of fcrifluorocthanol (TFE; Plowman, 1997). This 
5 characteristic could help to explain its antibacterial activity if it works as a 

surface-active agent creating pores in the cell membrane. This mode of action has 
been proposed for the majority of the cationic antimicrobial peptides isolated to date. 
However kappacin is an anionic peptide that docs not exhibit sequence similarity with 
the better known cationic antibacterial peptides and apart from a possible propensity 

10 to form an amphipathic helical structure does not posses any of the other 

characteristics of these peptides* Kappadn does share some characterisUcs with the 
recently discovered anionic antibacterial peptides, especially enkelytin. This peptide, 
liko kappacin, contains a number of glutamyl residues and phosphorylation is 
essential for antibacterial activity (Coumon, 1996; Goumon, 1998; Scrub, 1996). The 

15 , structure of the phosphorylated form of enkelytin has not been determined, although 
phosphorylation has been proposed to change the conformation of the peptide 
throikgh electrostatic repulsion or by divalent metal ion binding (Goumon, 1998; 
Kieffer, 1998). It remains unclear how the negatively charged antibacterial peptides, 
including kappacin. interact with the bacterial cell surface, 

20 SUMMARY OF THE INVENTION 

The presentinventors investigated the effect of pH and divalent metal cations on the 
antibacterial activity and structure of the peptide. The present inventors were able to 
show a synergistic effect between the peptides and divalent cations. 

Accordingly, in a first aspect the present invention consists in an antimicrobial 
25 composition, the composition comprising a divalent cation and a peptide, the peptide 
being non-glycosylated, fais than about 100 amino adds, preferably less than about 70 
amino adds, and comprising an amino add sequence selected from the group consisting 
of;- 

Ala Val GluSerThr Val Ala Thr Leu Gfu Ala ScrtO Pro Glu Val He Glu Scr Pro 
30 Pit) Cm, 
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Ala Vol GIu Ser Thr Val Ala Thr Leu Glu Asp Scr(i) Pro GIu Val De Glu Ser Pro 
ProGIu, 

and conservative substitutions therein. 

Tn a preferred embodiment of the present invention the peptide comprises an amino 
5 acid sequence selected from the group consisting ofc- 

A!a Val Glu Ser Thr Val Ala Thr Leu GIu Ala Sex(J) Pro Glu Val He GIu Ser Pro Fro Glu, 
and Ala Val Glu Ser Thr Val Ala Thr Leu Glu Asp Sertf) Pro Glu Val He Glu Ser Fro Pro 
Glu. 

In a further preferred embodiment of the present invention the peptide comprises an 
10 amino add sequence selected from the group consisting of:- 

Met Ala He Pro Pro Lys Lys Asn Gin Asp Lys Thr Glu He Pro Thr Ue Asn Thr lie Ala Ser 
Gly Glu Pro Thr Ser Thr Pro Thr Ue Glu Ala Val Glu Ser Thr Val Ala Thr Leu Glu Ala 
SeK^ Pro Glu Val He Glu Ser Pro Pro Glu He Asn Thr Val Gin Val Thr Ser Thr Ala Val; 

Met Ala De Pro Pro Lys Lys Asn Gin Asp Lys Thr hr Glu De Pro thr hr De Asn Thr hr He 
15 Ala SertO Gly GIu Pro Thr hr Ser Thr Pro Thr De Glu Ala Val Glu SerThrVal Ala Thr 
Leu Glu Ala Ser(i5 Pro Glu Val De Ghi Ser Pro Pro Glu De Asn Thr Val Gin Val Thr Ser 
HirAlaVal; 

Met Ala De Pro Pro Lys Lys Asn Gin Asp Lys Thr Glu ne Pro Thr He Asn Thr He Ala Ser 
Gly GIu Pro Thr Ser Thr Pro Thr Thr Glu Ala Val Glu Ser Thr Val Ala Thr Leu Glu Asp 
20 Sen:/) Pro Glu Val He Glu Ser Pro Pro GIu He Asn Thr Val Gl n Val Thr Ser Thr Ala Val; 

Met Ala He Pro Pro Lys Lys Asn Gin Asp Lys Thr Glu ne Pro Tlnr He Asn Thr He Ala 
Ser{/) Gly Glu Pro Thr Ser Thr Pro Thr Thr Glu Ala Val Glu Ser Thr Val Ala Th r Leu 
Glu Asp Serta Pro Glu Val De Glu Ser Pro Pro Glu ne Asn Thr Val Gin Val Thr Ser Thr 
Ala Val; 

25 Thr Glu Ue Pro Thr He Asn Thr De Ala Ser Gly Glu Pro Thr Ser Thr Pro Thr De Glu Ala 
Val Glu Ser Hit Val Ala Thr Leu Glu Ala SertV} Pro Glu Val He Glu Ser Pro Vro Glu He 
Asn Thr Val Gin Val Thr Ser Thr Ala Val; 
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Thr Glu Tj e Pto The Be Asn Thr Be Ala Serto Gly Glu Pro Thr Ser Thr Pro Thr lie Glu 
Ala Val Glu Ser Thr Val Ala Thr Lau Glu Ala SerC/) Pro Chi Val Be Glu Ser Pro Pro Glu 
Be Asn Thr Val Gin Val Thr Ser Thr Ala Val; 

Thr Glu Be Pro Thr Be Asn Thr He Ala Ser Gly Glu Pro Thr Ser Thr Pro Thr Thr GI U Ala 
S Val Glu Scr Thr Val Ala Thr Leu Glu Asp Set(F> Pro Glu Val Tie Clu Ser Pro Pro Glu Be 
Asn Thr Val Gin Val TheSerThr Ala Val; 

Thr Glu .He Pro Thr lie Asn Thr lie Ala Ser(P) Gly Glu Pro Thr Ser Thr Pro Thr Thr Glu 
Ala Val Glu SerThr Val AlaThrLeuGhi Asp Scr^Pro Glu Val Be Glu Scr Pro Pro Glu 
Be Asn Thr Val Gin Val Thr SerThr Ala Val; 

10 and conservative substitutions therein. 

his further preferred that the peptide comprises an amino add sequence selected torn 
the group consisting; oft- 
Met Ala Be Pro Pro Lys Lys Asn Gin Asp T.ys Thr Glu Be Pro Thr Be Asn Thr Be Ala Ser 
ClyauProTtoScrThrProThrBeGluAlaV^^ 

Ser^Pro Glu Val UeGluSer Pro Pro Glu Be Asn ThrVal Gin Val Thr Ser Thr Ala Val; 

Met Ala Be Pro Pro Lys Lys Asn Gin Asp Lys Thr Glu lie Pro Thr He Asn Thr Do Ala 
Ser^Gly Glu ProThrSer Thr Pro Thr lie Ghi Ala Val GluSer ThrVal Ala Thr Leu Glu 
Ala SerCfl Pro Glu Val Tie GluSer Pro Pro Glu Be Asn ThrVal Gin Val Thr Ser Thr Ala 
Val; 



15 



20 



25 



MetAlaBePmProLysLysAsnGlnAspLysltoGluBel^ThrBeAsn-rhrlleAlaSer 
ClyGluItoThrSer'InrProThrTh^ 

Sorf/5 Pro Gla Val Be Glu S« Pro Pro Gto 

MetAlaBeProI^LysLysAsnGlnAspLysll.rGluBeProThrlleAsnThrBeAla 
Serf/) Gly Glu Pro Th r Ser Thr Pro Thr ThrCm- Ala Val Glu Ser Thr Val Ala Thr Leu 
Glu Asp SeuT} Pro Glu Val UeGluSer Pro Pro Glu Be AsnThr Val Gin VaJ Thr SerThr 
AlaVal; 
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Thr Glu He Pro Thr He Asn Thr lie Ala Ser G!y Glu Pro Thr Ser Thr Pro Thr He Glu Ala 
Val Glu Scr Thr Val Ala Thr Leu Glu Ala Ser</) Fro Glu Val He Glu Ser Pro Pro Glu He 
Asn Thr Val Gin Val Thr Ser Thr Ala Val; 

Thr Glvt He Pro Thr lie Asn Thr He Ala Ser(^ Gly Glu Pro Thr Ser Thr Fro Thr n e Clu 
5 Ala Val Glu Ser Thr Val Ala Thr Leu Glu Ala Scr(f) Pro Glu Val He Glu Ser Pro Pro Glu 
He Asa Thr Val Gin Val Thr Ser rtir Ala Val; 

Thr Glu Ho Pro Thr He Asn Thr He Ala Ser Gly Glu Pro Thr Scr Thr Pro Thr Thr Glu Ala 
Val Glu Scr Thr Val Ala Thr Leu Glu Asp Serlft Pro Glu Val He Glu Ser Pro Pro Glu He 
Asn Thr Vol Gin Val Thr Ser Thr Ala Val; and 

10 TTir Glu He Pro Thr lie Am Thr ne Ate 

Ala Val Glu Ser Thr Val Ala Thr Leu Glu Asp ScrtO Pro Glu Val He Clu Ser Pro Pro Glu 
He Asn Thr Val Gin VaJ Thr Ser Thr Ala VaL 

In yet a further preferred embodiment of the present invention the peptide is selected 
from the group consisting of> 

15 Met Ala He Pro Pro Lys Lys Asn Gin Asp Lys Thr Glu II e Pro Thr He Asn Thr He Ala Ser 
ay Glu Pro Thr Ser Thr Pro Thr He Clu Ala Val Glu Ser Thr Val Ala Thr Leu Glu Ala 
Scr(/) Pro Ghi Val He Glu Ser Pro Pro Glu Ho Asn Thr Val Gin Val Thr Ser Thr Ala Val; 

Met Ala He Pro Pro Lys Lys Asn Gin Asp Lys Thr Glu ne Pro Thr He Asn Thr He Ala 
SurGF) Gly Glu Pro Thr Ser Thr Pro Thr lie Glu Ala Val Glu Ser Thr Val Ala Thr Leu Glu 
2D Ala SerOft Pro Glu Val He Glu Ser Pro Pro Glu He Asn Thr Val Gl n Val Thr Ser Thr Ala 
Val; 

Met Ala He Pro Pro Lys Lys Asn Gl n Asp Lys Thr Glu He Pro Thr He Asn Thr He Ala Ser 
Gly Glu Pro Thr Ser Thr Pro Thr Thr Clu Ala Va) Glu Ser Thr Val Ala Thr Leu Giu Asp 
Scr(/) Pro Glu Val He Glu Ser Pro Pro Glu He Asn Thr Val Gin Val Thr Ser Thr Ala Val; 

25 Met Ala He Pro Pro Lys Lys Asn Gin Asp Lys Thr Glu HePrpThr He AsnThrHc Ala 
Sertfl Gly Glu Pro Thr Ser Thr Pro Thr Thr Glu Ala Val Gl u Ser Thr Val Ala Thr Leu 
Glu Asp Sertfl Pro Giu Val He Glu Ser Pro Pro Glu He Asn Thr Val Gin Val Thr Ser Thr 
Ala Val; 
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Th r GItt lie Pro Thr He Asn Thr He Ala Ser Gly Glu Pro Thr Ser Thr F*o Thr Ee Glu Ala 
Val Glu Ser Thr Val Ala Thr Leu Glu Ala Ser(/} Pro Glu Va! He Glu Ser Pro Pro Glu Du 
Asa Thr Val Gin Val Thr Ser Thr Ala Val; 

Thr Glu Ec Pro Thr lie Asn Thr He Ala SertF) Gly Glu Pro Thr Ser Tlir Pro Thr lie Glu 
5 Ala Val Glu Scr Thr Val Ala Thr Leu Glu Ala Serf/) Pro Glu Val IleGluSerProProGlu 
Dc Asm Thr Val Gin Val Thr Scr Thr Ala Val; 

Thr Glu He Pro Thr Be Asn Thr He Ala Ser Gly Glu Pro Thr Sep Thr Pro Thr Thr Glu Ala 
Val Glu Ser Thr Val Ala Thr Leu Glu Asp Serif) Pro Glu Val He Glu Ser Pro Pro Glu He 
Asn Thr Val Gin Val Thr Ser Thr Ala Val; 

10 Thr Glu lie Pro Thr lie Asn Thr Be Ala Se^GJy GluPmTlirSerThrProTra-ThrGlu 
Ala Val Glu Ser Tro- Val Ala Thr Leu Glu Asp Ser( /=) Pro Glu Val IleGluSerProProGlu 
He Asn Hit Val Gin Val Thr Ser Thr Ala Val; 

AlaVal Gra5crThrValAlaThrI^GluAkSer(/)ProauVal He Glu Ser Pro Pro; and 

Ala Val GluS cr Thr Val Ala Thr Leu Glu Asp Ser(# Pro Glu Val lie Glu Ser Pro Pro. 

15 In a further preferred embodiment the divalent cation is Zn 21 or Ca 2T but may also be 
any of the following Cu*, Ni 2 V Co 2 *, Fe*', Sn* r Mh 2 ' or any other divalent cation. 
Additionally divalent cations in association with fluoride such as SnF and CuF. In a 
further preferred embodiment the divalent cation is Ca* or Zn 2 *. 

It is further preferred that the molar ratio of the divalent cation to the peptide Is In the 
20 range of 0.5 - 10.0:1.0, preferably in the range of 0.5 ^4-0;1.0. Tt Is further preferred that 
the molar ratio of the divalent cation to the peptide is in the range of 1-0 - 4.0 to 1.0, 
preferably 1.0:1.0 to 2.0:1.0. 

In a still further preferred embodiment the composition further comprises a 
pharmaceutically-acceptablc carrier. Such compositions may be dental intra-oral 
25 compositions, therapeutic anti-infective compositions for topical and Systemic 

application. Dental compositions or therapeutic compositions may be in the form of a 
ge], liquid, solid, powder, cream or lozenge. Therapeutic compositions may also be in 
the form of tablets or capsules. 
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Tn a further aspect there is provided a method of treating or preventing dental caries 
or periodontal disease in a subject the method comprising the step of administering 
the composition of the present invention to the teeth or gums of a subject in need of 
such treatments. Topical administration of the composition is preferred. 

5 As it is the physical nature of the peptides rather than the specific sequence of the 

pephde which result* in their antimicrobial activity so called conservative substitutions 
may be made in the peptide sequence with no substantial loss of activity. It is intended 
that such conservative substitutions which do not result in a substantial loss of activity 
are encompassed in the present invention. 

10 Whilst *e concept of conservative substitution is well understood by the person skilled 
In the art f or me sate of dariry cons^ 

Gly, Ala, Val, Be, Leu, Mel; 
Asp,Glu,Ser; 
Asn, Gin; 
15 Ser, Thr; 

Lys, Arg His; 
Hie, Tyr, Tip, Ms; and 
f*ro, Nct-alkalamino acids, 
expositions*^ 

theycanbeused mfc^asantimicroHalpr^rvatives/inoral can, products 
(voothpastes and mouthrinses) for the control of dental plaque and suppression of 
pathogens associated with dental canes and periodontal diseases. The antimicrobial 
compa^ tionsof the present invention may also be used in pharmaceutical preparations 
(eg, topical and systemic anti-infective medicines). 

Throughorrt ^tlus specification the word "«mpn^^ or variations such as •'comprises" or 
comprising , will beunderstood to imply the indusion of a stated element orLgcr or 



20 



25 
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group of elements or integers but not the exclusion of any other element or Integer or 
group of elements or integere, 



10 



IS 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to an antimicrobial composition comprising a divalent 
cation and at least one peptide. These peptides were Initially derived from casein, 
K-casein (106-169) [Table If. 

The peptides Ser(/y« K-casein (117-169) and SerW, SerW K-casein (117-169) can 
be purified from a tryptic digest of bovine casein using standard chromatographic 
procedures of anion exchange andteveraed-phase chromatography (HPLC). SeKiy*' 
K-casein (106-169) and ScrW~ Ser</y« K-casein (106-169) can also be prepared from 
cheese whey and rennet whey by removal of the whey proteins by ultrafiltration, or 
acid precipitation followed by revcrsed-phasc HPLC purification of the 
phosphopeptides. The peptides can be prepared from casein of other species, eg. 
goat, sheep etc 

Tablet. Casein Antimicrobial Peptides 



Peptide 


Sequence* 


SerC/y* 9 K-casein B (106-169) 


Met Ala lie Pro Pro Lys Lys Asn Gin Asp Lys Thr 
Clu He Pro Thr lie Asn Thr Ue Ala Scr Gly Glu Pro 
Thr Scr Thr Pro Thr He Glu Ala Val Glu Sea: Thr Val 
Ala Thr Leu G!u Ala Serf/) Pro Glu Va! Fie Glu Ser 
Pro Pro Glu lie Asn Thr Val Gin Val Thr Scr The Ala 
Val 


Setta* 7 , Ser(tf w K-tasein B 
(lOfr-169) 

_ 


Met Ala He Pro Pro Lys Lys Asn Gin Asp Lys Thr 
Glu lie Pro Thr He Asn Thr Be Ala Sertfl Gly Glu 
Pro Thr Ser Thr Pro Thr He Glu Ala Val Glu Ser Thr 
Val Ala Thr Leu Glu Ala Ser</5 Pro Glu Val He Glu 
Ser Pro Pro Glu Be Asn Thr Val GJn Val Thr Ser Thr 
Ala Val 
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Peptide 


Sequence* 


Scrf/^*', K-casoin A (106-169) 


Mel Ala He Pro Pro Lys Lys Asn CIn Asp Lys Thr 
Glu lie Pro Thr lie Asn Thr He Ala <:*.». fi« rn. . 
Thr Ser Thr Pro Thr Thr Glu Ala Val Glu Ser Thr Val 
Ala Thr Leu Glu Asp Sertfl Pip Glu Val lie Qu Ser 
Pro Pro Glu He Asn Thr Val Gin Val ThrSer Thr Ala 
Val 


SetdV, Soxfjfy'" K-casein A 
(106-169) 

Ser(/y«' K-caselnB (117-169) 


Me t Ala JJ e Pro Pro Lys Lys Asn Gin Aso ivnThi. 
Glu He Pro "Ihr He Asn Thr lie Ala Sertfl Gly ci u 
Pro Thr Ser Thr Pro Thr Thr Gl u Ala Val Glu Ser Thr 
VaJ Ala Thr Leu Glu Asp Ser(/} Pro Glu Val lie Glu 
Ser Pro Pro Glu lie Asn Thr VaJ On Val Thr Ser Thr 
AIaVa2 

Thr Glu He Pro Thr lie Asn Thr He Ala Ser Gly Glu — 
Pro Thr Ser Thr Pro Thr lie Glu Ala Val Glu Ser Thr 
Val Ala Thr Leu Glu Ala Serf/3 Pro Glu Val He Glu 
ScrPro Pro Glu lie Asn Thr Val Gin Val Thr Ser Thr 
Ala Val 


SeiW 27 , SerCO"" K-casein B 
(117-169) 


rbr Glu He Pro Thr He Asn Thr lie Ala S*r(/) Gly 
Glu Pro Thr Ser Thr Pro Thr lie Glu Alo V*1 rh • Co- 
Thr Val Ala Thr Leu Glu Ala Sec(F> Pro Glu Val lie 
Glu Ser Pro Pro Glu He Asn Thr Val Gin Val Thr Ser 


Serf/} 14 * K-casein A (117^169) 


rhr Glu He Pro Thr He Asn Thr He Ala Ser Gly Glu ' 
Pro Thr Sct Thr Pro Thr Thr Clu Ala Val Glu Ser Thr 
Val Ala Thr Leu Glu Asp Scr(/> Pro Glu Val He Glu 
Ser Pro i Pro Glu He Asn Thr Val Gin Val Thr Ser Thr 
Ala Val 


SerilV 37 , Ser(j?^ M9 K-casein A 
(117-169> 


TlffGluHeProTlirneAwThrHeAlaSerfflGlv " 

Thr Val Ala Thr Leu Qu Asp Serif) Pro Clu Val He 
Glu Ser Pro Pro Glu lie Asn Thr Val Gin Val Thr Ser 
Thr Ala Val 


Se^O 1 * 9 K-casein B (138-158) 


AtoValGluSerThrValAlaThrLeuCluAIaSeKfl ' 
Pro Glu Val ne Glu Ser Pro Pro 


Serif)™ K-cascin A (138-158) ~ 


Ala Val Qu Ser lr,r Val Ala Thr Leu Glu Am Serf/)™ 
Pro Glu Val He Glu Ser Pro Pro 



rm several 



The peptide K-casein (106-169) is present in cheese whey or rennet whey i 
different forms. The peptide has two major genetic variants (A and B) and is 
post-translationaUy modified by glycosylate and phosphorylation. The glycosylated 
forms known as the Kappa-caseino-glycopeptlde or gjyoomacropepude have been 
described by Nceser fUS patent Nos. 4,992,420 and 4,994,441] as anti-plaque and 
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anti-caries agents by virtue of the oligosaccharide chains linked to threonine residues 
of the peptide. Neeser claims that the oligosaccharide chain? of the giycopeptide, by 
specifically binding to plaque-forming oral bacteria, block the adherence of these 
bacteria onto salivary-coated tooth enamel. The glycosylated forms of K-casein 
5 (1 06-169) can be separated from the non-giycosylated forma by chromatography (eg- 
anton exchange and reversed-phnsc HPLC) or by selective precipitation or 
ultrafiltration. Only the non-glycosylated forms of K-casein (117-169) or K-casein 
(106-169) showed antimicrobial activity. As glycosylation destroys antimicrobial 
activity it is desirable to separate the glyco- and aglyco-fbrms of K-casein {117-169) or 

10 K-caseln (106-169) which can be achieved using chromatography, selective 

precipitation or ultrafiltration. Phosphorylation of Ser w and to a lesser extent Ser ,2/ 
are important for antimicrobial activity and the phosphorylated forms of the two 
major genetic variants (A and B) appear to possess equal activity [Table l]. The 
Neeser patents do not disclose the antimicrobial activity of K-casein(106-169) nor the 

15 use of the non-glycosylated forms of the peptide for the suppression of bacterial 
pathogens, 

Tn a particularly preferred embodiment of the invention, the antimicrobial 
composition is incorporated into dentifrices such as toothpaste, mouth washes or 
formulations for the mouth to aid in the prevention and/ or treatment of dental caries 

20 and periodontal diseases. The peptide may comprise 0.01-50% by weight of the 

dentifrice composition, preferably 0.1-10%. Vox oral compositions it is preferred that 
die amount of the composition of the present invention administered is 0.01 -50% by 
weight preferably 0-1-10% by weight of the composition. The oral composition of this 
invention which contains the above-mentioned peptides may be prepared and used in 

25 various forms applicable to the mouth such as dentifrice including toothpastes, 

toothpowders and liquid dentifrices, mouthwashes, troches, chewing gums, dental 
pastes, gingival massage creams, gargle tablets, lozenges, dairy products and other 
foodstuffs. The oral composition according to this invention may further i nclude 
additional well known ingredients depending on the type and form of a particular oral 

30 composition. 

Li certain highly preferred forms of die invention the oral composition maybe 
substantially liquid in character, such as a mouthwash or rinse. Tn such a preparation 
the vehicle is typically a water-alcohol mixture desirably including a humectant as 



s 

i 
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10 



20 



described below. Generally, the weight ratio Of water to alcohol ism the range of from 
aboutl:1 toabout20:l. The total amount of water-alcohol mixture in this type of 
preparation is typically in the range of from about 70 to about 99.9% by weight of the 
preparation. The alcohol is typically ethanol or Isopropanol. Ethanol Is preferred. 

The P FT of such liquid and other preparations of the invention is generally in the range 
of from about 45 to about 9 and typically from about5.5 to 8. The pH is preferably in 
the range of from about 6 to about 8.0, preferably 7.4. The P H can be controlled wiflt 
add (e -«- dWc *adorbenzolcacid)orbase(c,g. sodium hydroxide) or buffered (as 
with sodium citrate, benzoate, carbonate, or bicarbonate disodium hydrogen 




Other desirable forms of this Invention, the oral composition may be substantially solid 
or pasty In character, such as toothpowdcr, a dental tablets dentifrice, that Isa 
toothpaste (dental cream) or gel dentifrice. The vehicle of such solid or pasty oral 
preparations generally contains dentally acceptable polishing material. Examples of 
polishing materials are water-insoluble sodium metaphosphate, potassium 
mctaphosphate, tricaldum phosphate, dihydrated calcium phosphate, anhydrous 
dicalcium phosphate, calcium pyrophosphate, magnesium orthophosphate, 
tfimagneaum phosphate, calcium carbonate, hydrated alumina, calcined alumina, 
aluminium silicate, zirconium silicate, silica, bentonite, and mixtures thereof. Other 
suitablepolishing material Include the particulate thermosetting .cslns such as 
melamine-, phenolic and urea-fonnaldchyde* and cross-linked polyepoxides and 
polyesters. Preferred polishing materials include crystalllnesilica having particle sized 

°f u Pto^out5rmcmns,am e anpartidesl7eofuptoabcmtl.lniicrons, 
. ^'"PtoaboutSO^TOc^Vgni.su^ 
25 alkali metal aluminosillcate. 

When visually clear gels areemployed, apolishing agent of colloidal silica, such as those 
sold under the trademark SYLOID as Sylold 72 and Syloid 74 or under the trademark 
SAMTOCEL as Santocel 100. alkali metal alumino-silicate complexes arc particularly 
useful since they have refractive indices closctothc refractive indices of gelling 
30 agent-liquid (including water and/or humcctanf) systems commonly used in 
dentifrices. 
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30 



13 



Many of the so-called "water insoluble" polishing materials are anionic in character and 
also include small amounts of soluble material. Thus, Insoluble sodium metephosphate 
may be formed in any suitable manner as illustrated by Thorpe's Dictionary of Applied 
Oieinistry^Volumeo^thBdiaoapp. .510-511. The fonns of insoluble sodium 
metaphosphate known as Madrell's salt and Kurxol's salt are further examples of 
suitaWematerials. These metephosphate salts exhibit only a minute solubility m water, 
and therefore are commonly referred to as insoluble metaphosphates (IMP). There is 
present therein a minor amount of soluble phosphate material as impurities, usually a 
few percent Such as up to 4% by weight- The amount of soluble phosphate material, 
which is believed to include a soluble sodium Wmctephosphatein the case of insoluble 
metephosphate, may be reduced or dimlriatcd by was 

insoluble alkali metal metephosphate is typically employed in powder form of apardde 
size such that no more than 1% of the material is.larger than 37 microns. 

The polishing material is generally piesent in meiolid or pasty compositions in weight 
concentrations of about 10% to about 99%. Preferably, it is present In amounts from 
about 10% to about 75% I n toothpaste, and from about 70% to about 99% in 
toothpowder. In toothpastes, when the polishing material Is sOidous in nature, it is 
generally present to t»mountof about 10-30% by weight Other polishing materials are 
typically present in amount of about 30-75% by weight 

In a toothpaste, the liquid vehicle may comprise water and humectant typically in an 
amount ranging from about 10% to about 80% by weight of the preparation. Glycerine 
propylene glycol, sorbitol and polypropylene glycol exemplify suitable 
humectants/carxiera. Also advantageous are liquid mixtures of water, glycerine and 
sorbitol, m clear gels where the refractive index is an Important consideration, about 
2.5-30% w/w of water, 0 to about 70% w/w of glycerine and about20-S0% w/w of 
sorbitol are preferably employed. 

Toothpaste, creams and gels typically contain a natural or synthetic thickener or gelling 
agent in proportions of about 0-1 to about 10, preferably about 03 to about 5% w/w A 
suitable thickener is ^mene hectorit^ a synmeticcoUoidal magnesium alkali metal 
silicate complex day available for example as Laponite (eg. CP, SP 2002, D) marketed 
by Laporte Industries Limited. Laponite D is, approximately by weight 58.00% SiO* 
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25.40% MgO, 3.05% Na A 0.98% L$A and some wa ter and trace metals. Its true 
specific gravity is 243 and It has an apparent bulk density of 10 g/ml at 8% moisture. 

Other suitable thickeners include Irish moss, iota carrageen^ gum teagacanth, starch, 
polyvinylpyrrolidone, hyd^oxyemylprepylcollulose, hydroxybutyl methyl cellulose 
hydroxypropyi methyl cellulose, hydmxyethyJ cellulose <e.g. available as Natrosol) 
sodium carboxymethyl cellulose, and colloidal silica such as finely ground Sylold (e!g 
244). Solubilizing agents may also be included such as humcctant polyols such 
propylene glycol dipropyleno glycol and hexylene glycol, cellosolvos such as methyl 
cellosolve and ethyl ccllosolve, vegetable oils and waxes containing at least about 12 
carbons in a straight chain such as oliveoil, castor oil and petrolatum and esters such as 
amyl acetate, ethyl acetate and benzyl benzoato. 

It will be understood that as is conventional, the oral preparations arc to be sold or 
otherwise distributed in suitable labelled packages. Thus, a jar of mouthrlnso will have 
a label describing It in substance, as a mouthrinse or mouthwash and having directions 
for its use; and a toothpaste, cream or gel will usually be in a collapsible tube, typically 
aluminium, lined lead or plastic, or other squeeze, pump or pressurized dispenser for 
metering out the contents, having a label describing it in substance, as a toothpaste, gel 
or dental cream. 

Organic surf ace-active agents are used in the compositions of the present invendon to 
achieve Increased prophylactic action, assist in achieving ftorough and complete 
dispersion of the active agent throughout the oral cavity, and render the Instant 
compositions more cosmetically acceptable. The organic surface-adive material is 
prefeifclyaraonlaiwreonlcorampho^ 
antlmi^bialpepndeof^^ 

agent a detersive material which imparts to the composition detersive and foaming 
properties while not denaturing the peptide. Suitable examples of anionic surfectanfe 
a« water-soluble salts of higher fatty add monoglycerldemonosulfates, Suchasthe 
sodium saltof the monosulfeted monoglyceride of hydiOgenated coconut oil fetty adds 
higher alky] sulfates such assodium fauryl sulfate, alkyl aryl sulfonates such as sodium 
dodecyl benzene sulfonate, higher alkylsulfo-acctates, higher fatty add esters of 
1,2-dihydroxy propane sulfonatC/ and ftc MlMbmaaiy higher aliphatic acyl 

amides of lower aliphatic amino carboxylicadd compounds, such as those having 12 to 
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16 carbons in the fatty add, alkyl or acyl radical and the like. Examples of die last 
mentioned amides arc N-lauroyl sarcosine, and the sodium, potassium, and 
ethanolamlne salts of NMauroyl N-myristoyl, or N-palmitoyl sarcosine whldi should be 
substantially tree from soap or similar higher fatty add material. Hie use of these 
5 sorconite compounds in the oral compositions of the present invention is particularly 
advantageous since these materials exhibit a prolonged marked effect in the inhibition 
of acid formation in the oral cavity due to carbohydrates breakdown in addition to 
exerting some reduction In the solubility of loom enamel in add Solutions. Examples of 
Water-soluble nonionic surfactants suitable for use with peptides arc condensation 

10 products of ethylene oxide with various reactive hydrogen-containing compounds 

reactive therewith having long hydrophobic chains (e.g. aliphatic chains of about 12 to 
20 carbon atoms), which condensation products ("ethoxnmers") contain hydrophilic 
polyoxyethylene moieties, such as condensation products of poly (ethylene oxide) with 
fatty adds, fatty alcohols, fatly amides, polyhydric alcohols (e.g. sorbitan monostearate) 

15 aiHJpolypropyleneoxide(e.g.Pluronic materials). 

Surface active agent is typically prescntin amount of about 0.1-5% by weight It is 
noteworthy, that the surface active agent may assist in the dissolving of the peptide of 
the invention and thereby diminish the amount of solubllteing humectant needed. 

Various other materials may be incorporated in the oral preparations of this Invention 
such as whitening agents, preservatives, silicone* chlorophyll compounds and/or 
ammoniated material such as urea, diammonlum phosphate, and mixtures thereof. 
These adjuvants, where present; are incorporated in the preparations in amounts which 
do not substantially adversely affect the properties and characteristics desired. 

Any suitable flavouring or sweetening material may also be employed. Examples of 
suitable flavouring constituents are flavouring oils, e.g. oil of spearmint peppermint; 
wintcrgreen, sassafras, dove, sage, eucalyptus, marjoram, cinnamon, lemon, and 
orange, and methyl salicylate. Suitable sweetening agents indude sucrose, lactose, 
maltose, sorbitol, xylf tol, sodium cjrclamate, pcrillartlne, AMP (aspartyl phenyl alanine, 
methyl ester), saccharine, and the like. Suitably, flavour and sweetening agents may 
30 each or together comprise from about 0.1% to 5% more of the preparation. 

In die preferred practice of this invention an oral composition according to this 
invention such as mouthwash or dentifrice containing the composition of the present 
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invention is preferably applied regularly to the gums and teeth, such as every day or 
every second or third day or preferably from 1 to 3 times daily, at a pH of about 43 to 
about 9, generally about 5-5 to about 9, preferably about 6 to 8, for at least 2 weeks up to 
8 weeks or more up to a lifetime. 

5 The compositions of this invention can be incorporated in lozenges, or in chewing gum 
or other products, e,g. by stirring Into a warm gum base or coating the outer surface of a 
gum base, illustrative of which maybe mentioned jelutong, rubber late*r vinylitc resins, 
etc, desirably with conventional plasticisers or softeners, sugar or other sweeteners or 
such as glucose, sorbitol and the like. 

10 In another embodiment the composition of the invention is formulated in foods to act 
as a preservative preferably comprising 0.01-10% w/w, more preferably 0,1*5% w/w, 
most preferably 1-5% and particularly 2% w/w* 

The present invention provides compositions Including pharmaceutical compositions 
comprising the divalent cation and die peptide as described together with a 
15 pharmaccuticaUy-acceptable carrier. Such compositions may be selected from the 
group consisting of dental, intra-oral compositions, therapeutic anti-infective 
compositions for topical and systemic application. Dental compositions or therapeutic 
compositions may bo in the form of a gel, liquid, solid, powder, cream or lozenge. 
Therapeutic compositions may also be in the form of tablets or capsules. 

20 The present invention also provides a method of treating or preventing dental caries 
or periodontal disease comprising the step of administering the composition of the 
invention to the teeth or gums of a subject in need of such treatments. Topical 
administration of the composition is preferred. 

It will be clearly understood that although this specification refers specifically to 
25 applications in humans, the invention is also useful for veterinary purposes. Thus in 
all aspects the invention is useful for domestic animals such as cattle, sheep, horses 
and poultry; for companion animals such as cats and dogs; and for zoo animals. 

Tn order that the nature of the present invention may be more clearly understood 
preferred forms thereof will now be described with reference to the following 
30 non-limiting examples. 
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FIGURE LEGENDS 

Figure 1: ChromatOgram of purified Ser(/V w Ks:asdn-BCl38-158). A sample of the 
purified peptide fraction was applied to a RP-HFLC analytical column. Purified 
peptide was eluted from the column using a linear gradient of 0-100% buffer B (30 
5 min). The flow rate was 1 mL/ min. Buffer A was 0.1% acetic acid in water, pH 5.5 
(TEA) and buffer B was 60% aoetonitrile containing 0.1% acetic add in water, pH 55 
(TEA). 

Figure 2: Mass spectrometry analysis of RP-HFLC fraction B using the MALDI-TOF 
MS, The major peak observed with a MW of 2233.9 Da corresponded to the 
10 synthesiscd peptide, Sottf" K-caseiii-B(13ft-158). Spectrum was obtained In linear, 
negative mode with an accelerating voltage of 20 kV, grid voltage of 93% and pulse 
delay time of 100 ns. 

Figure 3. Effect of K-cascin-A(l06-169) [A]; K-cascin-B(lQ6469) [o]; Znd a fXl; 2n:«- 
casein-B(106-169) in a 1:1 ratio [■] and Znnc-caacii*-A(l 06-169) in a 1:1 ratio [♦] on 

15 Streptococcus /nutans growth in THVJB at pH 7.2. 

Figure 4. Effect of calcium ion concentration on the growth inhibitory activity of 250 
pM K-cosein- A(106-169) tested against £. mutens at pH 7.2. CaQ 2 control ( ♦ ); Car k- 
casein-A(106-169) (A). K-casein-A(106-169) was incubated with CaCI 2 at ratios between 
1:0 and 1:4 for 1 h prior to addition to the assay, 

20 Figure 5. Sea tchard analysis of zinc binding to K-caschvA(1 06-169). 2nCl 2 was 

Incubated with purified K-casein-A<106-169) in water at pH7.3 for 1 h at 37°C. Samples 
were then centrifuged through 3,000 molecular weight cu t-off filtration membranes. 
The amount of zinc ions was determined by atomic absorption spectrometry. 

Figure 6. Viable cells numbers of S. mutans grown as a biofilm in a constant 
25 depth film fermenter, monitored by cultural analysis. Sixteen days after 
inoculation the biofllm was treated with 5 ml of a 10 mg/ml kappacin 
preparation. Forty days after inoculation the bioflTm was treated with 5 mi of a 
10 mg/ml kappacin solution containing 20 mM ZnQ 2 . 



COMS ID No: SMBI-00544664 Received by IP Australia: Time (H:m) 16:24 Date (Y-M-d) 2003-12-19 



^^^^ 



£679 3111 Blake Dawson WaltJron 16:24:07 19-12-2003 



22/47 



141592780 



18 



Figure 7. Effect of kappacm (10 mg/ml), ZnQ 2 (20 mM) and kappacin:ZnCl 2 when 
used as mouthrinscs as the only form of oral hygiene on the mean plaque index scores 
for posterior teeth, a - significantly different from water control; b - significantly 
different from all other treatments; as determined using the Wilcoxon rank test 

5 Figure 8. Effect of mouthrinses on distribution of plaque Index scores of posterior 
teeth. 

In order that the nature of the present invention may more readily understood 
preferred forms thereof will now be described with reference to the following 
. Examples. 

10 MATERIALS AND METHODS 

Production of CMP (kappadn preparation) 

Caseinate-HCi (Donlac Poods, Melbourne Australia) was dissolved by slow addition 
with constant stirring to deionised water at50»C pH 8.0 to give a final concentration 
of 21.5 g/ L. Once the casemate had dissolved, the temperature was lowered to 37"C 

15 and the pH adjusted to 6.3 by the slow addition of 1 M HQ to avoid precipitation of 
casein. T o begin the hydrolysis Rennet (90% Chymosin EC 3.4.23.4, 145 IMCU/ml, 
Single Strength, Chr. Hanson) was added to a final concentration of 1.2 IMCU/g 
casein and the solution stared at 37>C for 1 L The pH of the solution was maintained 
at 6.3 ± 02. by the addition of 1MHC1 and 1 M NaOH. Hydrolysis was stopped by the 

20 addition of trichloroacetic acid to a final concentration of 4% and the precipitated 
proteins were pelleted by centrifugation (5,000 g, 15 min, 4< 1 C). The supernatant 
containing the cascinomacropeptide (CMP) was concentrated by dlafiltration using a 
3000 Da cutoff membrane (S10Y3, Amicon). This material was then lyophllteed. 

Fractionation of CMP 

CMP was fractionated into glycosylated forms, non-glycosylated K-casein-A(106-169) 
and nonglycosylated K-casein-B(106-169) by reversed phase HPLC using a C w column 
and clution with 90% acctonitrile/0.1% v / v TFA, as described previously (Malkoski et 
el, 2001). The eluant was monitored using a primary wavelength of 215 ran. The 
identity of each fraction was confirmed by mass spectrometry analysis using a 
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Voyager linear matrix assisted laser dcsorption/lonisation time of flight mass 
spectrometer (MALDI MS; PcrSeptivc Blosystems, MA, USA) and N-teraurial 
sequence analysis as described previously (Malkoski et *Z, 2001). 

Solid phase peptide synthesis and purification 

5 ^PndescorrespondingtoSerW^^ 

158) were synthesized using standard solid phase peptide synthesis protocols as 
described previously (Malkoski et aL, 2001). Peptides were purified by reversed phase 
MPLC using a C I8 column and identified by mass spectrometry analysis as described 
previously (Malkoski ctal, 2001). 

10 Antibacterial planktonic assay 

The oral opportunistic pathogen Streptococcus mut^ mgbritt was used in mis study 
as an indicator strain. The antibacterial assay was conducted In 96 well plates and 
bactenal growth continuously monitored over 40 h, as previously described (Malkoski 
2001 ^ Dri «%' bacteria were cultured in Todd Hewitt Broth (36.4 g/1) containing 
15 Yeast extract (5.0 g/1) and 100 mM potassium phosphate with a P H of 63 or 72. The 
bacterial Uiocula were prepared by diluting exponentially growing cells in growth 
medium to give 2.7 x 10* viable cells/ml. In the bacterial growth assays test wells 
contained iK-casein-AO 06-169) or *caseln-B(106.169) at concentrations between 20 and 
120 uM-thescpeptideswere also tested in combination with ,.mc or calcium ions to 
20 S'^ranosofkappadmdlvafentm^ 

A(138-1S8) and Se^V-casein-BttSS-lSS) peptides were also tested In this assay 
rhe plates were Incubated at 37°C and growth determined by measuring optical 
density (OD) at 620 nm using an lE^nticroplate^derO^bsystenv^OY Research 
Technologies Division). 

25 Biofilm growth of S. mutatis, 

A roster* depfcflm fei^en^ 

used for biofilm formation. The CDFF consists of a stainless steel disc rotating at a 
constant speed of 3 rpm containing 15 polytetnmuorocthylenc (PTFE) pans each of 
which contain 5 plugs of 4.5 mm in diameter. The plugs were set to 0.4 mm below the 
30 surface of the steel d.sc. inbuilt scrapers wero used to maintain a oonstan t biofi lm 
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depth of 0.4 mm. The scrapers arc attached so that the stainless steel disc rotates under 
them; the scrapers ore spring loaded so that they are pressed down against the pans. 
An anaerobic atmosphere was maintained In the CDFFby continuous gassing with 5% 
CO J inN,.TheCDl''FwtohouscdinamodieedCX3 2 incubator, which was used to 
5 maintain a constant culture temperature of 37XL A SL jmifenrinfibrftt batch culture in 
Todd Hewitt (35.4 g/l), Yeast Extract (8 g/L) broth (THYE) in exponential growth 
phase was used to inoculate the CEJFF at a flow rate of 30 ml/h for 5 h. The growth 
media, THYE containing 0.1% (w/v) sucrose, was then pumped into the CDFF at a 
constant flow rate of 40 ml/h. 

10 The biofilm was incubated for 13 days, during which time plugs were removed, 
washed to remove planktanic bacteria and viable counts were performed until 
bacterial numbers were stable. At day thirteen growth media addition to the CDrT 
was suspended for 10 min and replaced by a solution of 2 mM IWs-rlQ P H 6.0 at a 
flow rate of 30 ml/h. After 10 min growth media addition was resumed. Plugs were 
15 removed after 15 min, washed to remove planktonlc bacteria and viable bacterial 
counts were performed on the biofilm. Plugs continued to be harvested over the 
following 3 days to monitor bacterial viability. On day sixteen after inoculation 
growth media addition was replaced for 10 min by a solution of lOmg/ml kappadn 
preparation (see above) in 2 mM Tris-HCl pH 6.0 at a flow rate of 30 ml/h. Growth 
media addition was resumed at the end of the 10 min period. Plugs were removed 
after 15 mm, washed to remove planktonlc bacteria and viable counts were performed 
on biofilm. Bacterial viability was assessed at regular intervals following kappacin 
addition to determine the recovery of the biofilm. At day forty, a solution containing 
10 mg/ml kappadn preparation {see above) and 20 mM ZnC12 in 2 mM Tris-HCl pH 
6-0 was used to replace growth media flow for 10 min. Plugs were removed after 15 
min, washed to remove planktonic bacteria and viable counts were performed on 
biofilm bacteria. Bacterial viability was monitored for 15 days after kappadnrzinc 
addition. 
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Divalent metal cation binding assay 

CaCI 2 or JSnClj at specified concentrations between 135 and 540 uM was incubated 
with purified K.ca S eln-A(106-169) at a concentration of 135 pM in water at pH 73 for 1 
h at 37°C with stirring. Samples were then ecntriJuged (1,000 g, 10 min) through 3,000 
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Da cut-off filtration membranes (YM3 Cellulose, Millipore Bedford Ma, USA) to 
separate unbound divalent cations from the peptide with bound cations. The amount 
of calcium or zinc Ions in the filtrate and initial sample was then determined by atomic 
absorption spectrometry (Model 373 AAS, Perkin-Elmer) set on absorption mode at 
422.7 nm or 213.9 nm, respectively. The total amount of sine or calcium in the sample 
and free (unbound) zinc or calcium was calculated by reference to a standard curve. 
Binding to K-casein-A(106-169) was detennined by Scatchaid analysis. 



Structural Determination 

lINMRspectra of synmcacSei<P)"»K-cascin-A(l38.i58) were recorded at 600 MHz 
using the WET-ID sequence (Smallcombe, era/. 1995). 3 mM ScrfrWcasein-AttSB- 
158) and 3 mM CaCV 50% TFU 1:1 Ratio of peptide to Ca*. pH 63 or 6J5 

Clinical trial 

Ten subjects were recruited for the double-blind, crossover study. Subjocls were 
recruited from undergraduate students enrolled at the School of Dental Science, The 
University of Melbourne. The group consisted of ofemales and 4 males with a mean 
age of 21 years. Subjects were exami tied prior to the commencement of the trial and all 
were gauged to be of good health, having dentitions without unrestored carious 
lesions or evidence of moderate to severe gingivitis. The subjects had not used any 
dentifrices containing antimicrobial agents prior to commencement of the trial. 
Approval was obtained from thcHuman Research Ethics Committee of ihe University 
of Melbourne. 

At the commencement of the trial, the subjects were instructed to cease all other forms 
of daily oral hygiene practices and to solely rely on the use of the allocated mouthrinse 
solution. Four solutions were tested as mouthrlnses in this investigation: Solution A: 
Deionized water. B: 1% (w/v) kappadn preparation in deionized water. O20mM 
ZnO in deionized water. D: 1% (w/v) kappadn preparation and 20 mM Znd in 
deionized water. The pH of all solutions was adjusted to 6.9 ± 0.1 using KOH. Subjects 
were Instructed to rinse three times daily: morning, mid-day and evening with 15 ml 
of solution for a duration of one minute. Each trial session was for four days with a 
dinieal evaluation at the end of the trial. The Silna* and Loe Plaque Index (PI) was 
used toevaluatepla q ue(Silne SS and Loe, 1964). The gingival area of each tooth surface 



COMS ID No: SMBW0544664 Received by IP Australia: Time (H.fn) 1654 Date (Y-M-d) 2003-12-19 



i9879 3111 



Blfike Dawson Waldron 



16:25:26 19-12-2003 



26/47 



141592780 



22 

(distal, buccal, mesial and lingual) was given a score from 0-3. All teeth excluding 
third molars were scored at the conclusion of the trial. Following each trial session the 
subjects resumed their normal oral hygiene habits for a minimum of seven days prior 
to the next trial. Data were analysed using the nonparametric Wilcoxon rank test 

S RESULTS. 

Antibacterial activity of the genetic variants of k-casein(106-169)* 

To determine whether the difference in the relative antibacterial activities of the two 
major genetic variants of kappacin | K-casein(106*169)] activity was due to the amino 
add sequence difference in die previously identified active region of ic-<ssehvA(106- 

10 169), residues 138458, Ser(/) ,40 K-cascin-B(l 38-158) was synthesized and its activity 
tested. The purity of the synthetic Ser(iy^-casein-B(138-158) was determined by 
reveracd-phase HPLC and a single peak was observed (Fig, 1). Analysis of this peak 
by mass spectrometry gave a singje peak with an observed mass (m/z) of 2233.9 Da 
which corresponded to the calculated mass for the synthetic peptide, Setf/^-caseln- 

15 B(138-158) of 2235.4 (Fig. 2). The calculated MIC for the synthetic peptide SfcrfA" V 
cascin-B(138-158) tested against & mt/tens at a growth pH of 6.28 in the microplate 
growth assay was 44 uM- 

Interaction of kappacin with divalent metal cations. 

There was no inhibiHon of S. mutans growth by either of the synthetic active region 
20 peptides [Ser(i^ lld K-casein-A(138.158) and Se^^K-casein-BdSS-lSS)] or the genetic 
variants of the purified full length peptides when tested at a growth pH of 7.20 up to 
concentrations of 300 uM. When the two genetic variants of K-casein(l 06-169) were 
tested for bacterial growth Inhibitory activity at pH 7.20 in the presence of an 
equimolar concentration of the antibacterial divalent cation Zn* x a synergistic effect 
25 was observed (Fig. 3), Zinc ions alone had a MIC of 200 uM, which masked the 

synergistic effect of kappacin and zinc when tested at ratios above 1:1. Interestingly 
when the 2anc ions were replaced with calcium ions an antibacterial effect was 
detectable with K^sehvA(106-169) although no effect on A nutans growth could be 
detected with K-casein-B(106-169) and calcium in a 1:1 ratio up to 300 uM (Table 2). 
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The optimal ratio of calcium to K-casein-A(lQ6-169) for bioactivily was determined by 
testing various ratios against 51 mu tens in the microplate growth assay. A ratio of 2sl 
was shown to be more effect than 1:1, whilst Increasing the calcium: K-casein-A(106- 
169) ratio to 4:1 did not increase activity (Fig. 4). 

5 Sea tchard analysis of binding ae$ays using K-casein-A(106-l69) with the divalent 
cation Zn 2 * demonstrated that there were two binding sites for zinc in Ihls peptide 
(Fig. 5). Similar results were obtained for calcium binding. * 

Biofilm growth of A mutatis* 

After inoculation Into the CDFF A mutans rapidly formed a stable biofilm that 
contained 6-7 x 10 8 viable cells per plug (Pig. 6). Addition of 5 ml of 2 mM Trte-Hd pH 
6.0 at day 13 after inoculation had little effect on the viable count of S. mutans in the 
biofilm. In contrast addition of the kappadn-enriched CMP preparation on day 16 
resulted in a rapid decrease in the A mutans viable cell count such that 2 h after 
addition there had been a 99.5% reduction In the viable count. Recovery of the A 
mubmsbiomm was slow after kappadn addition and 3 days after the addition of 5 ml 
of the 10 mg/ml kappadn preparation bacterial counts were still less than 13% of the 
pretreatment level (Fig. 6). The addition of kappacin:zinc to the biofilm caused a 
similar decrease in A mutans numbers, with a decrease of 94.8% of viable cell numbers 
in 2 h- Three days after kappacin:zinc treatment the number of viable A mutans\r\ the 
biofilm had decreased even further to less than 05% of pretreatment levels (Fig. 6). 
The A mutansbiofilm did not recover from the kappadmalnc treatment over the 
following 15 days. 

Structural Analysis. 

The amide region of a *H NMR spectrum of synthetic Ser(/^casein-A(138-258) 
recorded in 90% HjO/10% D& solution shows that the amide resonances are not well 
dispersed, occurring in a 0.6 ppm rcgione*iw>dmg from about 8.15 to 8,75. This is 
characteristic of peptides in a 'random-coil* conformation. Addition of 5% (v/v) TEE 
resulted in a change of chemicaLshift for 4Some of the resonances and a general 
broadening of the peaks. The broadening of the peaks is a resul t of chemical exchange 
in which peptide molecules exist in two environments, the aqueous solution or the 
more apolar environment of the TFE micelles. The peptide molecules exchange their 
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environments at a rate comparable to the difference in amide chemical shift in the two 
environments. As more TFE was added to the sample the peptide became 
preferentially associated with me apolar TFE environment and the rate of exchange 
with the aqueous phase slowed. These changes are associated with farther changes in 
5 amide chemical shifts and a general sharpening of the NMR resonances. However, the 
range of chemical shifts is still relatively small with a range of 0.6 ppm from about 8.1 
to 6.7 Indicating that the peptides are still in a 'random-coir conformation. The 
addition of a molar excess of calcium ions resulted In the amide resonances spreading 
over a range of 125 ppm from 7.75 to 9.0, a range characteristic of a peptide in a 
10 specific conformation. 

Clinical Trial. 

A commercial preparation of kappadn-enriched CMP was used in a double-bind, 
cross over, small-scale clinical antiplaquc trial involving 10 subjects. HPLC analysis of 
the preparation Indicated that in a 10.0 tog/ml solution there was 4.4mg/ml of 
15 nonglycosylated K-casein-AO 06-169), 1.9mg/ml of nonglycosylated K-casein-BflOo- 
169) and 3.0 mg/ml of glycosylated teasel n(106-l 69). Based on a calculated average 
molecular weight for glycosylated K-casein(106-169) of 7500, there was a concentration 
of -1.33 mM of all forms of K-caseln(106il69) in the preparation, therefore there wasa 
Zn:CMP ratio of ~15:1. 

20 After four days with the water (control) mouthrin.se as the only form of oral hygiene 
the mean whole mouth Silness and Loe Plaque Index Score was 178.9 ± 33.5; when 
only considering the posterior teeth a mean Plaque Index Score of 85.9 ± 14.4 was 
obtained. Compared with the water control theKappadn mouthrlnse resulted in a 
decrease in the mean Plaque Index Score of posterior teeth of 7%, the 2nd 
mouthrlnse caused a 9% decrease whilst the Zn-JCappadn treatment caused a decrease 
of 21% (Fig 7). The Znd 2 mouthrinse significantly (p < o.05) reduced plaque 
accumulation relative to the water treatment as determined by a Wilcoxon rank test 
considering the posterior teeth plaque index scores. The Kappacin mouftrmse was not 
sigmftcantly different to the water control. The ZmKappadn mouthrinse signlficandy 
(P <; 0.05) reduced plaque accumulation relative to all other treatments. 

The distribution of plaque scores on the posterior teeth also changed with the type of 
mouthrinse used. The Kappadnrsinc containing mouthrinse resulted in only 47% of 



25 



30 
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surfaces having a plaque index score of 2 or above compared with the water 
mouthrlnse where 78% of tooth surfaces had a scare of 2 or more (Fig. 8). 

DISCUSSION 

The nonglycosylated, phosphorylated forms of die caseinomacropeptide [K-casein(106- 
169)J, (Kappadn) have been shown to have antibacterial activity against both Gram- 
negative and Gram-positive oral bacteria at acidicpH. Of the six known genetic 
variants K-casein-Ad 06-169) and K-casein-B(106-169) are, by far, the most abundant 
forms. We have previously shown that K-casein-A(106-169) had better antibacterial 
activity than K-casdn-B(106-169), thatthe antibacterial activity of K-cascin-A(106-169) 
could be localised to residues 138-158 and that phosphorylation of Ser 149 was essential 
for activity (Malkoski ef tf., 2001, W099/26971). To determine if the lower 
antibacterial activity of K-casein-B(106-169) was due to the hydrophlUc to hydrophobic 
amino acid substitution within the 138-158 region (Asp 1 * In variant A to Ala 118 in 
variant B) the activity of the synthetic peptide Scr(/7 ,0 itf-casein-B(138-l58) was 
15 determined. The MiC for synthetic SerW'«K-cfisein-B(l38-158) against S. mutant* 
pH 6.28 was 44 uM which compared with the previous study showing the MC of 
synthetic SerCfl^-casein-AttSB-lSS) under identical conditions was 26 W M {Malkoski 
ctal.. 2001). Therefore the difference in amino acid sequence of the active region is 
likely to account for most if not all, of the difference in activity of Ac A and B genetic 
20 variantsofK-rasem006-169)against5:ajz/toiyatpH6^8. 

At neutral pH (7.20) neither of the nonglycosylated, phosphoiylated K-casein(106-169) 
genetic variants had antibacterial activity against the indicator species S. nutans 
(Table 2). The addition of the divalent metal cation zinc in a 1:1 ratio with K-casein- 
A(106-169) produced an antibacterial effect against S. mutam with anMlC of 161 uM 
25 which was lower than mat seen for zinc alone (Table 2, Fig. 3). The combination of zinc 
mthK-casein-B(106-169) in a 1:1 ratio did not produce an MIC that was lower than 
that for zinc alone, however at sub-MIC levels this combination had some growth 
inhibitory activity that was not detected with zinc or K-*asein-B(106-169) alone at the 
same concentrations (Fig. 3). The combination of zinc and the synthetic peptide 
30 Ser(zy»K-casein-A(138-158)in a 1:1 ratio had a similar MIC to that seen withslnc-K- 
easein-A(106.169), indicating that the divalent metal ions may Interact with this region 
of the peptide. To determine if this enhanced activity at neulrai pH was due to the 
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antibacterial activity of zinc or whether it was due to a conformational change in the 
peptide calcium, a divalent metal cation with no antibacterial activity, was tested with 
CMP-derivcd peptides. The addition calcium in a 1:1 ratio with K-casein-A(l0fr-169) 
produced an antibacterial effect against SL mutam/vnfh an MIC of 248 uM (Table 2). 
5 Calcium alone had no effect on S. mutans growth at concentrations up to 1 mM. No 
antibacterial effect was detected by combining calcium with K-cascin-B(10^169) (Table 
2). This suggests that the presence of the divalent metal cation is helping to potentiate 
the activity of ic-cascin-A(106-169) at neutral pH possibly by modifying the structure 
of the peptide. The most efficacious ratio of divalent metal cation to K-casein-A(106- 
10 169) was determined to be 2:1 using calcium (Pig. 4) which was consistent with the 
results of Scatchatd analysis indicating that K^casein-A(106-169) specifically binds two 
divalcntmetal cations (either calcium or sine; Kg. S). 

S. nutans was grown as a biofilm in a constant depth film fcrmenter in a growth 
medium containing free sucrose to more dosciy simulate conditions found in the oral 

15 cavity. The addition of kappacin orkappadnalncsolutlons to the 5. znt/to»blofilm 
resulted in a dramatic decrease of viable cells (Fig, 6). Interestingly this decrease in 
bacterial ccU numbers was sustained for a longperiod of time, indicating that 
kappacin may function more efficiently against biofilm bacteria than planktonic 
bacteria. Ih vivo oral bacteria are found as dental plaque, a biofilm attached to the 

20 hard tissues (teeth). 

Kappacin is an unusual antibacterial peptide in that it contains a high proportion of 
negatively charged amino acids. ThePi of K-caseln-A(l«W69) Is 3.9 and over the P M 
ramie 5 to 8 there \<t litrio ^V-,™^ i„ *u„ r.i . . . . .... 



25 



30 



- — • ... ™.. k unniwiu7; is, p.? ana 

range 5 to 8 there is little change In the charge of the molecule, which Is 
approximately -7. 

Structural analysis of the synthetic peptide K-casem-A(138-15S) indicated that It will 
interact with apolarphases, such as the bacterial cell membrane, and that in the 
presence of excess calcium ions adopts a specific conformation in that environment. 
These conclusions are consistent with the work of both Smith ct a/ (2002), who 
determined the structure of glycosylated and nonglycosylated CMP in the absence of 
calcium and found It to be largely random, flexible structure, and Plowman, (1997) 
who found that this region of CMP had a propensity to form an amphipathic -helix, in 
the presence of 1VE. 
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A commercial preparation of CMP, made from casein, was used in a clinical 
anllplaque trial as a Kappacin enriched preparation. Tn this preparation the 
nonglycosylated forms of CMP (Kappadn) accounted for 63% of the dry weight of 
which 70% was genetic variant A and 30% was variant B. The Kappadn-zinc 
5 combination mouthrinse was significantly more effective in controlling supragingival 
dental plaque when used as the only oral hygiene procedure than mouthrinses 
containing Kappacin or zinc alone, suggesting a synergistic effect Tflnc derate has 
previously been shown in a double blind crossover trial to significantly reduce the 
plaque accumulation in subjects by 5-8% using the Turcsky plaque Index (Addy etal, 

10 1980). The jdnc chloride mouthrinse produced similar results in this study, when? 

mean whole mouth plaque index scores, and mean posterior teeth plaque index scores 
decreased by 6% and 9%, respectively. Ciertsen et ah (1988) showed that the use of 
zinc chloride as a mouthrinse resulted in a significant increase of 9% in the tooth 
surfaces with no plaque, using the Silness and Loe plaque index, compared with a 

15 water control Although the Kappacin mouthrinse showed a reduction in 

supragingival plaque of posterior teeth of 7% when compared with (he water, this 
reduction in plaque was not statistically different to the control. In the current study 
the Silness and Loe plaque index was used as changes in plaque thickness, especially 
along the gingival margin, are more readily observed than changes in plaque 

20 distribution over the surfaces of teeth. Therefore due to short duration of the trial (5 
days) and the small number of subjects, the Silness and Loe index was deemed to be 
the most appropriate plaque scoring system. It has also been shown that unstained 
plaque scores correlate much higher than stained scores with gingivitis, dry and wet 
plaque weight (Loesche and Green, 1972). 

25 Salts of zinc and tinhnve long been recognised as having antibacterial activity and a 
relatively high safety profile (Moran eta/., 2000). Zinc as believed to exert its 
antibacterial effect by inhibiting membrane transport and metabolic processes, 
including glycolysis, through interactions with enzymes that contain active thiol 
groups (Cummins and Creeth, 1992, Opperman and Roila, 1980; Opperman ctal„ 

JO 1980). The adsorption of zinc into plaque bacteria initially involves electrostatic 

interactions with celt surface proteins followed by their subsequent transport into the 
cell. The plaque inhibi ting effect is thought to be a long acting bacteriostatic effect on 
plaque microorganisms through me retention of flic ions in dental plaque and the oral 
cavity after rinsing (Giertscn etal., 1988). Zinc salts have been used in toothpastes and 
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mouthrinses in combination with the antimicrobial agents triclosan, chlorhexidine and 
annguinarine. These have been shown to have; a synergistic antibacterial action 
(Glertscn etal, 1988;Moran ctaf. t 2000). 

Treatment with the Kappacin-zlnc containing mouthrinse resulted in a decrease of 
5 21% in the posterior teeth plaque index scores (Fig, 7). These results are comparable to 
chlorhexidine mouthrinse* Chlorhexidine is considered to be the most effective anti- 
plaquc and anti-gingivitis compound so far tested. However side effects from the use 
of chlorhexidine, including extrinsic staining of teeth and restorations, taste distortion, 
and brown staining of tongue, limit its long term tise (Elderidge et 1998), 
10 Chlorhexidine exerts an immediate bactericidal effect, in addition to more prolonged 
bacteriostatic action. It acts-at the bacterial cytoplasmic membrane, causing changes 
which result in the loss of some intracellular contents (Hogg; 1990). 

It is well accepted that die accumulation of supragingivaJ plaque over a period of time 
is associated with the development of gingivitis, and initiation of periodontitis and 
15 that supragingival plaque control alone is sufficient to resolve gingivitis (Corbet and 
Daviee, 3993). The results of this study indicate that the combination of the natural 
peptide Kappacin with zinc ions may produce a mouthrinse wi th efficacy in 
supragingival plaque control. 

PROPOSED FORMULATIONS INCLUDING THE COMPOSITION OP THE 
20 PRESENT INVENTION 



Formulation 1 

Ingredient ^ w y^ 

Dicalcium phosphate dihydrate 50 0 

Glycerol 2(X0 

Sodium carboxymethyl cellulose 1.0 

Sodium lau ryl sulphate ^5 

Sodium lauroyl sarconisate qjj 

Flavour 2 0 

Sodium saccharin q.1 

Chlorhexidine gluconate q.OI 

Dextranase q^j 

Composition of present invention to 

Watcr balance 
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Ingredient 

Dicalrium phosphate dihydrate 

Sorbitol 

Glycerol 

Sodium carboxymethy! ceUuIo.se 
Sodium lauryl sulphate 
Sodium latiroyl sarconisate 
Plavour 

Sodium saccharin 

Sodium monofluorophasphate 

Chlorhexidine gluconate 

Dextranase 

Composition of present invention 
Water 

Formulation 3 
Ingredient 

Di calcium phosphate dihydrate 

Sorbitol 

Glycerol 

Sodium earboxymethyl cellulose 
Lauroyl diethanolamide 
Sucrose monolaurate 
Flavour 

Sodium saccharin 

Sodium monofhiorophosphate 

Chlorhexidine gluconate 

Dextranase 

Composition of present Invention 
Water 



50.0 

10.0 

10,0 

1.0 

1.5. 

0.S 

1.0 

0.1 

0.3 

0.01 

0.01 

2-0 

balance 



50.0 

10.0 

10.0 

1.0 

1.0 

2.0 

1.0 

0.1 

0.3 

0.01 

0.01 

5.0 

balance 
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formulation 4 

Ingredient 
Sorbitol 
Irish moss 

Sodium Hydroxide (50%) 
Gantrcz 

Water (deionised) 

Sodium monofluorophosphate 

Sodium saccharin 

Pyrophosphate 

Hydratcd alumina 

Flavour oil 

Composition of present invention 
Water 

Formulation 5 

Ingredient 

Sodium polyacrylate 

Sorbitol 

Glycerol • 

Sodium saccharin 

Sodium monofluorophosphate 

Chlorhexidlne gluconate . 

Ethanol 

Composition of present invention 

Linollc add 

Water 



30 



% w/w 

10.0 

1.0 

1.0 

19.0 

2.69 

0,76 

0.3 

2.0 

48.0 

0,95 

1.0 

balance 



%w/w 

50.0 

10.0 

20,0 

0.1 

03 

0-01 

3.0 

2.0 

0.05 

balance 



PROPOSED MOUTHWASH FORMULATIONS 
Formulation 1 



10 



Ingredient 

Ethanol 

Flavour 

Sodium saccharin 

Sodium monofluorophosphate 

Chlorhexidine gluconate 

Lauroyl diethanol amide 

Composition of present invention 

Water 



% w/w 

20.0 

1.0 

0,1 

0.3 

0.01 

0.3 

2.0 

balance 
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Formulation 2 



Ingredient % w /w 

GantrczS-97 2.5 
Glycerine io.O 
Flavour oil 0.4 
Sodium monofluorophosphate 0.05 
Chlorhexidine gluconate 0.01 
Lauroyl diethanolamidc 0.2 
Composition of present invention 2.0 
Water balance 

PROPOSED LOZENGE FORMULATION 

Ingredient %w/W 
Sugar 75-8O 
Corn syrup \-20 
Flavour oil 2_2 
NaF 0.01-0.05 

Composition of present inven tion 3.0 
Mgstearate 1^5 

w * Cer balance 

PROPOSED GINGIVAL MASSAGE CREAM FORMULATION 

Ingredient %w/w 

White petrolatum 8.0 
Propylene glycol 

Sfcearyl alcohol 3,0 

Polyethylene Glycol 4000 ' 25.0 

Polyethylene Glycol 400 37.0 

Sucrose monostearate oi 

Chlorohexidine gluconate o.l 

Composition of present invention 3 0 

Water balance 
PROPOSED CHEWING GUM FORMULATION 

Ingredient % w/ w 

Gum base 30.0 

CaJcium carbonate 2.0 

Crystalline sorbitol 53.0 

Glycerine 05 

Flavour oil 0.1 

Composition of present invention 2.0 

Water balance 



10 
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All publications mentioned in this specification arc herein incorporated by reference. 
Any discussion of documents, acts, materials, devices, articles or the like which has 
been included in Hie present sprafication is solely for the purpose of providing a 
context for the present invention. It is not to be taken as an admission that any or all 
5 of these matters form part of the prior art base or were common general knowledge in 
the field relevant to the present invention as it existed in Australia or elsewhere before 
the priority date of each claim of this application. 

It will be appreciated by persons skilled in the art that numerous variations and/or 
modifications may be made to the invention as shown in the specific embodiments 
10 without departing from the spirit or scope of the invention as broadly described, the 
present embodiments arc, therefore, to be considered \n all respects as illustrative and 
not restrictive. 

Dated: 19 December 2003 

15 

University of Melbourne 

Patent Attorneys for the Applicant: 

BLAKE DAWSON WALDRON PATENT SERVICES 

20 



COMS ID No: SMBI-C0544664 Received by IP Australia: Time (H:m) 16:24 Date (Y-M-d) 2003-12-19 



,03967s 31 11 



Blake Dawson Waldron 



16:28:39 19-12-2003 



37/47 



141592?*) 



15 



20 



25 



33 

REFERENCES 



Addy M., Richards and William* G. (1980), Effects of a Zinc Cl trato Mcmthwash on 
Dental Plaque and Salivary Bacteria, Journal of Clinical Pedodontology^ 309-315. 

CorbetE.F. and Davies W.T.R. (1993), The Role of Subgingival Hague In the Control 
omogrossivePeriodontal-Pbcase - a ^i^.JoiunalofOinicalPcriodcmtologyZ^ 

Creamer L. and Harris D. (1997). Relationship between milk protein polymorphism 
and physiccwhemical properties. In: Milk Protein Polymorphism: International Dairy 
Federation Special Issue 9702, pp. 1 10-123. 

Cummins D. and Creeth J.E. (1992), Delivery of Antiplaque Agents from Dentifrices, 
Gels, and Mouthwashes, Journal of Dental Research 71, 1439-1449. 

Hdridge K.R., Finnie S.F, Stephens J.A., Mauad AM., Munoz C.A. and Kettering JJD. 
(1998). Efficacy of an alcohol-free chlorhexidine mouthrin*.. a, an antimicrobial agent 
Journal of Prosthetic Dentistry m, 685-590. 

Folch J„ LeesM. and Stanley C.H.S. (1957), A Simple Method for the Isolation and 
l9^ ti0n * T ° te1 ^ 

Ciertesen 1L, Scheie A. and Gunnar R. (1998), Inhlbibon of plaque formation and 
plaque aridogenicity by zinc and chlorhexidine combinations. Scandium Journal of 
Dental Research 96, 541-550. 

Coumon V., Strub J.M., Moniatte M., Nul.ans G., Poteur L„ Hubert P., VanDorssdaer 
A., Aums D. and Mehtfoutiguc M.H. (1996), lite C-tcrminal blsphosphorylated 
proenkcph a lin-A-(209-237).pcptide from adrenal medullary chromaffin granules 
possesses antibacterial activity, European Journal of Biochemistry^ 516-525. 

HoggS. (1990),Chenical control of plaque. Denial Update 17, 332-334. 

Malkoski M„ Dashper S.G., O'Brien-Si mpson NJVL, Talbo G.U., MacrisM., Cross K.J 
and Reynolds E.C (2001), Kappadn, a novel antibacterial peptide from bovine milk. 



COMS ID No: SMBI-00544664 Received by IP Australia: Time (H:m) 16:24 Date (Y-M-d) 2003-12-19 



|3 9679 3111 Blake Dawson Waldron 16:28:66 19-12.2003 



30/47 



141592780 



15 



34 

Antimicrobial Agents and Chemotherapy 45, 2309-2315. 

Nlkrido H, NikaidoK. andHarayama S. (1991), Identification and Characterization of 
Po ^nPscudomcm 0 s-Aem g inosa,/*u^ 

Plowman JJR. Creamer L.K., UddeH M.J. and Cross JJ. (1997), Solution conformation 
5 of .peptide corresponding to bovine kappa-casein B resl dues 130-153 by circular 

SmallcombeS^., PattS.L. and Kcifer RA. (1995), WFr solvent suppr^on and its 
appkeabonato LC NMR and high-resolution MMR spectroscopy, /o^a,^^ 
1Q Resonance Scries A 117, 295^303. 

Srnith M.H., Edwards P.J.B., Pal mono K.P. and Creamer L.K. (2002), Structural features 
of bovine casoinotnacropeptide A and B by FM nuclear magnetic resonance 
spectroscopy, /oumai of Dairy Research 69, 85-94. 

Strub J.M., Coumon Y., Lugardon K., Capon C, Lopez M, Moruatte M., 
VanDorsselaer A, Aunis D. and MetsBou tigue M.H. (1996), Antibacterial activity of 
glycosylated and phosphorated chromogranin A-derived peptide 173-194 from 

™>««*y chromaffin granule /c,^,^,^,^^^ 

Talbo G.H tf Suckau D., Malkoski M. and Reynolds E.C (2001), MALDI,PSD-MS 
analysis of the phosphorylation sites of caseinomacropeptide. Peptides**, 1093.109a 



20 



COMS ID No: SMBI-005446S4 Received by IP Australia: Time (H:m) 16:24 Date (Y-M-d) 2003-12-19 



9 



9879 3111 Blake Dawson Watdron 16:29:09 19-12-2003 39/47 



35 

Table 2. Minimal Inhibitory Concentrations of the two genetic variants of non- 
glycosylated, phosphorylated, K-casem(10^l69) and the synthetic peptide SerW*. 
casein-A<13fM58) tested singly and in combination with a 1:1 ratio of *inc or calcium 
against S. jnutons at pH 





MIC 
0*M) 


ft-caseiA-A(306-169) 


NT 


K-casein-B(106-169) 


NI 






K-casein-A(l[)6-169) and Calcium 


248 


K-castan-B(106-169) and Caldum 


Nl 






K-cnacin-A(106-169) and Zinc 


161 


K-cascin-B(106-169) and Zinc 


200 






Sei*/y«K-casdn-An38-158) and Zinc 


149 j 


Ser(iT*Vcasein-A(138-158) 


NI 






7nCl 2 


200 


1 «h,-...l,u.».. . ■ . - 


NI 



* No Inhibition at concentrations up to 1 mM 
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1.5- 




10 
-60 g 

i 

r-20 
C 



w do io" 

Retention Timn 

Figure 1: Chromatogram of purified ScK^^casei^U^lSS). A sample of the 
purified peptide fraction was applied to a RP-HPLC analytical column. Purified 
peptide was eluted from the column using a linear gradient of 0-100% buffer B (30 
min). The flow rate was 1 mL/mln. Buffer A was 0.1% acetic add In water, pH 53 
CTEA) and buffer B was 60% acetonitrile containing 0.1% acetic acid in water, pH S3 
(TEA). 
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30000- 
25G0O— 
£0000 
15000- 
10000- 
5000 
or-f 



2233.9 



1500 



2o'o0 



2500 



30o0 



35*00 
Mass (m/z) 



4o5x> 4500 5oU 



Figure at Mass spcctrometric analysis of RP-HPLC fraction B using the MALDI-TOF 
MS. The major peak observed with a MW of 2233.9 Da corresponded to flic 
synthesised peptide, Ser(/} M9 K-caseii>B{138-l58). Spectrum was obtained in linear, 
10 negative mode with an accelerating voltage erf 20 kV, grid voltage of 93% and pulse 
delay time of 100 ns, 
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^ ^ ' 1 > 1 r 

40 60 80 100 120 
Concentration (uM) 



Ksure 3. Effect of ^^(106-169) M ^^^169) fol- 7jnC I FXV 7 

^* 1 J ^ ^-^In-AdOS-lS?) in a 1:1 ratio M on 

^/baxwr^^iitowgtowA in THYE atpH 7.2. 
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5 



Wgwe 4. Effect of calcium Ion con^^K^ 

MM K^ A , 1M . lffl) J£ Z -*•««* „ f 250 

uud-iwj tested against 5. iTM/tow a t «H 7.2 r*m ~ , v 

/ K-casem-A{106-169) was incubated «/it-X .. ... , 

l:Oandl : 4 f orlhpr i or to a d ditiontoth e a SSay . 
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A* posterior teeth, a - significant* different from water control; b - significantly 
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